Sepsis is associated with the highest mortality among critically ill patients admitted to the ICU, with reported mortality rates in the range of 17% to 32% ([@R1], [@R2]). Although the survival rate may have improved with the recent improvements in the intensive care management techniques for sepsis ([@R3], [@R4]), the functional prognosis of these patients remains poor. Prevention of mobility disability is one of the important goals of treatment of sepsis ([@R5], [@R6]).

Numerous recent studies have shown the beneficial effect of early rehabilitation for obtaining a good functional prognosis in sepsis patients ([@R7], [@R8]). Based on the results of a double-blind, randomized controlled trial, Kayambu et al ([@R7]) reported that early rehabilitation, as compared with standard care, was associated with improved physical functioning of patients with sepsis, as assessed by the SF-36 medical short-form, at 6 months. Another study, a prospective observational study, reported that early rehabilitation in patients with Acute Physiology and Chronic Health Evaluation II (APACHE II) scores of greater than or equal to 10 were associated with improved scores on the modified Barthel Index and the Functional Independence Measure at hospital discharge ([@R8]). Therefore, the Japanese sepsis guidelines 2016 ([@R9]) suggest early rehabilitation for improving the functional prognosis of patients with sepsis admitted to the ICU.

Although several risk factors for the functional outcomes of ICU patients have been reported by previous studies ([@R10]--[@R15]), until date, there has been no study focusing on patients with sepsis admitted to the ICU, who often show worse functional outcomes than patients with other categories of illnesses ([@R16]). Furthermore, early rehabilitation is a new therapeutic strategy for improving the functional outcomes of sepsis patients admitted to the ICU, and there are few studies yet that have focused on patients receiving early rehabilitation ([@R7], [@R8]). In view of the likelihood of early rehabilitation becoming widespread for sepsis patients in the future, we considered it worthwhile to explore the risk factors for mobility disability in sepsis-3-defined ([@R17]) septic patients receiving early rehabilitation.

Therefore, the objective of this study was to investigate the relationships between newly developing mobility disability at ICU discharge and variables measured at the time of admission in sepsis-3-defined septic patients receiving early rehabilitation.

MATERIALS AND METHODS
=====================

Study Design
------------

A single-center, retrospective, observational study was performed to analyze the data of septic patients who were admitted to our emergency and medical ICU between September 2012 and September 2016. This study was conducted with the approval of the Ethics Committee of Nagoya University Hospital (approval number 0321). All eligible patients were more than 18 years old, were diagnosed as having sepsis at ICU admission, and received early rehabilitation. The diagnosis of sepsis was made in accordance with the criteria described in the Surviving Sepsis Campaign guidelines for the management of sepsis ([@R17]). The excluded cases are shown in **Figure [1](#F1){ref-type="fig"}**, and consisted of pediatric patients (\< 18 yr old), patients who died before measurement of the ICU mobility scale (IMS) score at ICU discharge due to severe sepsis, patients who were unable to walk without assistance before ICU admission, and patients for whom records of the assessment of mobility disability at ICU discharge were not available.
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Data Collection
---------------

Study data, including the clinical history, laboratory data, and data on the vital signs, clinical treatment, and outcomes, were collected retrospectively from the electronic medical records of Nagoya University Hospital. The degree of frailty of the subjects was routinely assessed at the time of admission to the ICU on a scale of 1 (very fit) to 9 (terminally ill) using the clinical frailty scale (CFS) ([@R18]). A CFS score of greater than or equal to 5 was used to designate a patient as frail ([@R19], [@R20]). A physical therapist (PT) who had received the relevant training at the Department of Geriatrics of our university hospital assigned the CFS scores, based on information obtained from the electronic medical records. The CFS score was determined 1 week prior to admission of the patient to the ICU ([@R21]). All the vital signs and laboratory variables were measured at ICU admission. The worst APACHE II score and Sequential Organ Failure Assessment (SOFA) scores calculated within 24 hours after ICU admission were used for the analysis.

Outcome
-------

At the time of discharge from the ICU, the score on the IMS was calculated by the attending nurse and PT in early rehabilitation, and the specialized PT assigned the IMS scores based on information obtained from the medical records. The IMS is a sensitive 11-point ordinal scale, with the score ranging from 0 (lying/passive exercises in bed) to 10 (independent ambulation). Patients with IMS scores of less than 9 were classified into the mobility disability group, while those with IMS scores of greater than or equal to 9 were classified into the no mobility disability group ([@R22]). We used the IMS score cutoff of 9 in our study, because this cutoff has been shown to be clinically significant for discriminating between patients who can and cannot walk independently at ICU discharge ([@R23], [@R24]).

Rehabilitation Procedures During Hospitalization
------------------------------------------------

In this study, we defined "early rehabilitation" as rehabilitation started within 48 hours after ICU admission, by reference to previous studies ([@R25], [@R26]). Early rehabilitation was performed according to our institutional protocol. In summary, our early rehabilitation protocol was instituted within 48 hours according to the ICU doctor's approval without any clinical risks. Early rehabilitation was undertaken according to the functional ability grade (1 to 5) of the patients, as follows; grade 1 (patient unable to perform active movements): change of position and passive movements of each limb were performed; grade 2 (patient able to perform active movements): active range of motion of each limb; grade 3: sitting at the edge of the bed; grade 4: transferring from sitting to standing; grade 5: trial of ambulation. The PT sessions lasted for 20--40 minutes a day and were administered on 6 days of the week.

The following criteria were used to limit or withhold the early rehabilitation program: deteriorated hemodynamic or ventilatory status, defined as hypoxia with frequent desaturations to below 88%, hypotension, need for extracorporeal membrane oxygenation devices, need for increasing the doses of vasopressors, new documented myocardial infarction based on electrocardiographic and enzyme level changes, dysrhythmias requiring the use of new additional antiarrhythmic agents, and inspired oxygen fraction greater than 0.60 ([@R27]). The early rehabilitation program was resumed if/when the status recovered and continued until hospital discharge.

Statistical Analysis
--------------------

Fisher exact test for categorical variables and Mann-Whitney *U* test for continuous variables were performed. In order to identify independent risk factors for mobility disability at ICU discharge in the septic patients, we performed multivariate logistic regression analysis using all the candidate variables that were identified as being statistically significant by the univariate analyses. All the reported *p* values were two-sided, and *p* value of less than 0.05 was regarded as denoting a statistically significant difference. All analyses were conducted using SPSS (Version 24.0 for Microsoft Windows; SPSS, Chicago, IL).

RESULTS
=======

A total of 110 patients with sepsis were admitted to our ICU between September 2012 and September 2016. Of these, 47 patients were excluded because they were pediatric patients (age \< 18 yr, *n* = 3), died before assessment of the IMS score at ICU discharge due to severe sepsis (*n* = 18), were unable to walk without assistance even prior to the ICU admission (*n* = 16), or their records of assessment of mobility disability at ICU discharge were unavailable (*n* = 10). The remaining 63 patients were included in this study (Fig. [1](#F1){ref-type="fig"}).

The baseline characteristics of the 63 patients are summarized in **Table [1](#T1){ref-type="table"}**. Most of the subjects were male (65%), with a median age of 70.0 years (interquartile range \[IQR\], 62.0--79.0 yr), median hospital stay of 4.0 days (2.0--12.0 d), median APACHE II score of 31.0 (24.0--33.0), and median SOFA score of 8.0 (6.0--10.0). Of the 63 patients, 46 (73%) were classified into the mobility disability group, and the remaining 17 patients (27%) were classified into the no mobility disability group (**Tables [2](#T2){ref-type="table"}** and **[3](#T3){ref-type="table"}**). The percentages of patients discharged to return to their homes/transferred to another hospital in the mobility ability group were as follows: 32% (*n* = 15)/46% (*n* = 21). The hospital mortality was 22% (*n* = 10). The percentages of patients discharged to return to their homes/transferred to another hospital in the no mobility disability group were as follows: 88% (*n* = 15)/12% (*n* = 2), and the hospital mortality was 0% (*n* = 0).
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Comparison With No Mobility Disability and Mobility Disability Groups Before ICU Admission
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Comparison With No Mobility Disability and Mobility Disability Groups During ICU Admission
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Univariate analysis was performed for identifying the candidate variables (Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}). The median age, prevalence of patients with CFS scores of greater than or equal to 5, SOFA score, and rate of vasopressin use were all higher in the mobility disability group as compared with the no mobility disability group. Multivariate logistic regression analysis was performed using these 4 variables. Only the CFS score measured before ICU admission was identified as an independent risk factor for mobility disability at ICU discharge (odds ratio, 7.77; 95% CI, 1.37--44.21; *p* = 0.021) (**Table [4](#T4){ref-type="table"}**). We performed the Hosmer-Lemeshow goodness-of-fit test for the logistic regression model; the *p* value was determined to be 0.511. Post hoc power analysis was calculated as 89.5% based on the observed odds ratio (or effect size) of 8.929 on the association between mobility disability and the CFS score (\< 5 or ≥ 5), when a chi-square test was performed with a two-sided alpha error of 5%.
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Binary Logistic Regression Analysis for the Mobility Disability Group
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CFS scores greater than or equal to 5 were associated with a sensitivity and specificity for the prediction of mobility disability at ICU discharge of 54.3% and 88.2%, respectively. The positive predictive value and negative predictive value were 92.6% (25/27) and 41.7% (15/36), respectively. The overall prevalence of patients with CFS scores greater than or equal to 5 was 43% (27/63). The prevalence of patients with CFS scores greater than or equal to 5 was 54% (25/46) in the mobility ability group, but only 12% (2/17) in the no mobility disability group.

DISCUSSION
==========

Sepsis is defined as a pathophysiological state of organ failure caused by infection, according to the Sepsis-3 definition ([@R17]); this definition of sepsis was used in this retrospective observational research, which was conducted to identify predictors of mobility ability at ICU discharge in septic patients. Several studies have been conducted to investigate the risk factors for mortality in septic patients ([@R28]--[@R31]), however, no study has been conducted to identify the predictors of mobility disability at ICU discharge in septic patients (as defined according to the Sepsis-3 definition of organ failure). Multivariate analysis in this study identified the CFS score was an independent associated with mobility disability at ICU discharge in septic patients receiving early rehabilitation.

The CFS is an effective and easily available measure of frailty, consisting of various clinical items, including the patients' cognition, mobility, physical functioning, and comorbidities ([@R18]). Several studies have reported the usefulness of the CFS for predicting the functional prognosis in ICU patients ([@R13], [@R19], [@R20]). However, all these studies included all critical care patients, regardless of the underlying disease, and none of the studies was conducted on sepsis patients alone. In addition, the CFS is a useful scale to determine the risk of mobility disability at the time of discharge from the ICU in septic patients who were able to walk independently prior to ICU admission.

Frailty is characterized by a loss of physiologic reserves, and consequently, an inability to maintain homeostasis to combat disease or injury ([@R32], [@R33]). According to previous studies, the overall prevalence of frailty in a community-dwelling population was 6.9% ([@R32]), whereas that in patients with critical illness was 23--30% ([@R14], [@R15]). In another study, frailty in critically ill patients before ICU admission was associated with increased disability after discharge from the ICU ([@R12]), which may suggest the importance of early recognition of frailty in critically ill patients for predicting their future functional prognosis ([@R34]). Our results suggested that the CFS score recorded prior to ICU admission may be useful for estimating the risk of mobility disability at the time of a patient's discharge from the ICU. We excluded any patients who were not able to walk independently prior to admission to the ICU in our study. Although it may be meaningless to show that those who were not able to walk independently prior to ICU admission were still unable to walk at the time of discharge from the ICU, we considered it worthwhile to illustrate that the CFS score was independently associated with mobility disability at the time of discharge from the ICU, even after we excluded patients who were unable to walk independently prior to admission to the ICU, consistent with previous reports ([@R35], [@R36]). Besides, it is also noteworthy that our multivariate logistic regression analysis showed that the CFS score was a stronger risk factor than age or severity of illness, which are also known as predictors of mobility disability in ICU patients. Early recognition of frailty using the CFS score may help identify targets for interventions to reduce the functional decline of septic patients.

The results of this study identified the CFS score as an independent risk factor for mobility disability at ICU discharge in septic patients, even if they received early rehabilitation. Such objective information about a poor functional prognosis would be very important for the ICU staff, including ICU doctors, nurses, and PTs engaged in the management of patients with sepsis. Although we did not evaluate whether early rehabilitation itself improved the functional outcomes of these patients or not, we believe that early rehabilitation is beneficial for septic patients with frailty, consistent with previous reports ([@R37]--[@R39]). CFS scores greater than or equal to 5 is a good predictor for identifying septic patients at risk of mobility disability at ICU discharge. In regard to specific plans, for patients with CFS scores greater than or equal to 5, early rehabilitation plus electrical muscle stimulation and/or exercises using a cycle ergometer of the leg muscles would be considered. In a previous study, it was shown that electrical muscle stimulation ([@R40], [@R41]) and exercises using a cycle ergometer ([@R42]) may improve the muscle function in critically ill patients. Therefore, these intervention plans may prevent mobility disability via improved muscle function. But, on the other hand, CFS scores of less than 5 cannot sufficiently predict the possibility of mobility disability at ICU discharge. In patients with CFS scores of less than 5, the risk would need to be evaluated more precisely with a combination of risk factors, including the CFS score. In the future, the development of an intervention strategy based on the CFS score information is expected in septic patients receiving early rehabilitation.

As sepsis is one of the most common diagnoses in critically ill patients, to investigate the relationship between sepsis and frailty may be important. The pathologic condition of "sepsis" can influence the patients' frailty via many pathophysiological mechanisms, including via causing muscle atrophy by inducing a hypercatabolic state during the acute phase of systemic inflammatory response to infection ([@R43]--[@R45]), via causing prolonged immobility due to the large amounts of sedatives and muscle relaxant drugs used in intensive care ([@R46]), via direct attack of the CNS and muscle by the pathogen, via endotoxin-induced multiple organ failure ([@R47]), via causing decline in cognitive function caused by sepsis-associated encephalopathy (the pathophysiology of which is not yet completely understood) ([@R48]), and so on. In order to prevent deterioration of the functional outcome by these factors, it may be useful to devise a rehabilitation plan and optimize it to suit individual patients. Our results suggest the possibility that sharing the objective information about a high CFS would enable ICU physicians to identify patients with sepsis in the ICU who are at a high risk for poor functional outcomes and allow more appropriate rehabilitation plans to be devised for such patients in the early phase after ICU admission, during the ICU stay, after ICU discharge and after hospital discharge.

There were several limitations of this study. First, the primary endpoint was the outcome at ICU discharge, and it may be better to set a longer-term endpoint ([@R13], [@R19], [@R20]). Second, the results of this study identified the CFS score as an independent risk factor for mobility disability at ICU discharge even in patients who received early rehabilitation. However, we did not evaluate whether early rehabilitation by itself improved the functional outcome or not in frail patients. Also, although large multicenter research is expected, the adaptation and protocols of early rehabilitation vary among studies in the present conditions ([@R49]--[@R51]). Formal rehabilitation protocols may be necessary to perform a large multicenter study for septic patients receiving early rehabilitation. Third, our study was a retrospective study conducted on a small sample at a single medical center. Although the sample size and the power were sufficient, there is a possibility of potential loss of generalizability. Fourth, we did not adopt other frailty measures such as the Fried frailty index ([@R32]) or the Total Kihon checklist score ([@R52]) because this study was designed as a retrospective study and CFS was the only information that we could gather as a scale for the frailty. We believe that the CFS is the most suitable scale for evaluating the severity of morbidity because the score on this scale is the easiest and simplest to calculate ([@R18]). But, it remains one of the limitations of our study that we did not examine other scales to determine the patients' morbidity in our study, and it would be interesting to compare the predictive accuracy of CFS versus other scales in the future. Fifth, we did not monitor the IMS score during follow-up. It would be of great interest to investigate, in the future, functional trajectories of the CFS score measured before ICU admission and of the IMS score measured after ICU admission. Clarification of this point would help in predicting the recovery process toward mobility in septic patients receiving early rehabilitation.

CONCLUSIONS
===========

The CFS score was independently associated with increased mobility disability at ICU discharge in septic patients receiving early rehabilitation. Patients with a high CFS score are needed to provide a more comprehensive plan.
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